Background: Understanding the production trend of the major food crops is an important step for any nation that evaluates her agricultural progress. This evaluation should mostly focus on the yields per unit area. So far, it can also earmark the expansion of farms to determine the general yields trend. The main objective of this paper is to assess the production trend of the major food crops and their efficacy to food security in Tanzania. This is particular important because for the past three decades, the country has failed to control food security (especially food availability and accessibility).
Background
Since the inception of Tanzania in 1964, the country's population has increased to about five times, from approximately 11.7 million in 1965 to more than 53.4 million in 2015 [1] [2] [3] . The demand placed on national agricultural production arising out of population and economic growth has enormously increased [4] [5] [6] [7] . Despite the increase in both land expansion and agricultural development, the problem of food security has remained unresolved [8, 9] . Reports from both domestic and international agencies such as FAO have reinstated the same. In Tanzania, the agricultural sector has a substantially outstanding contribution to socioeconomic development as it supports the GDP (Gross Domestic Product) with 28%, provides 95% of the food and employs over 75% of the national labor forces [3] .
In that respect, agricultural growth has a direct contribution to food security and economic growth of the country and livelihoods of the people. However, some regions have favorable biophysical characteristics (i.e., soils, water sources and climate just to mention a few) than others. Potentially, this differential biophysical endowment has significant implications to crop yields. Ultimately, this situation leads to differential agricultural outputs among the regions within the country [9, 10] .
Generally, the country has a wide range of agricultural potentials such as 44 million hectares of arable land, numerous rivers for irrigation, labor force, policies and programs just to mention a few. Nevertheless, less than 24% and 4% of the arable land and irrigation potentials has been harnessed, respectively. This inefficient utilization of resources has been attributed by low investment in the sector in terms of finance and technology and ultimately resulted to low productivity. Preferably, maize is a staple food to about 70% of the Tanzanians, while sorghum, millet, paddy, banana, cassava, wheat and diverse varieties of potato just to mention a few are dominant food crops depending on the regional preferences.
Although the assessment of crop production and associated challenges is progressing rapidly, a variety of knowledge gaps still exist. Despite the implementation of programs and initiatives, yet there is high inconsistence of crop yields that always lead to enormous food shortage and insecurity in Tanzania [2, 3, 10, 11] . This study aims to assess the efficacy of the major food crop production and its implications to food security, economic development and policy framework. It intends to depict the balance between the efforts placed in the production process and its return. By determining such a balance, this study will be capable to propose strategies at local and policy level that would optimize yields to sustain the livelihoods of over 80% smallholder farmers who entirely depend on rain-fed agriculture.
To meet the study objective, this paper attempts to answer the following questions: (1) How did the production trends of the major food crops behave in the past three decades? (2) Were the obtained yields enough for food requirement? (3) What were the main factors that influenced the production trend? (4) How policy framework and other associated programs influenced the efforts for yield optimizations? (5) What should be done to intensify crop production with higher yields that can ensure food security and economic development?
Methods

Profile of the study site
Tanzania is located on the eastern coast of Africa, south of the Equator between latitudes 1°00′S and 11°48′S and longitudes 29°30′E and 39°45′. Eight countries: Kenya and Uganda in the north, Rwanda, Burundi, Democratic Republic of Congo and Zambia in the west, Malawi and the Republic of Mozambique to the south share boundaries with Tanzania. The eastern side of Tanzania is a coastline of about 800 km long marking the western side of the Indian Ocean. Tanzania has a total of 945 087 km 2 , and out of this area, water bodies cover 61, 495 km 2 which is equivalent to 6.52% of the total area.
The mean annual rainfall varies considerably from place to place ranging from less than 400 mm to over 2500 mm per annum. Rainfall in about 75% of the country is erratic, and only 21% of the country can expect an annual rainfall of more than 750 mm with a 90% probability. Intergovernmental Panel on Climate Change (IPCC) [12] informed that Tanzania and other sub-Saharan African countries will continue to be vulnerable to the impacts of climate change (i.e., excessive droughts). This is caused by their weak adaptive capacities. The current report by IPCC [13] slotted Tanzania as among the thirteen countries that area worst affected by the impacts of climate change and vulnerability and has weak adaptive capacities to cope or recover from the stress. The report further described that if proper adaptation measures are not virtually taken, more significant impacts will stress the country.
Since soil is the major determinant of agricultural production as it acts as a mother factor for the whole process, it was liable to understand the dominant types of the soil in the country. According to World Reference Base of Soil Resource (WRB), Tanzania has 19 dominant soil types and they are grouped into two groups, namely organic soil and mineral soils. The structure, concepts and definitions of the WRB are strongly influenced by (the philosophy behind and experience gained with) the FAO-UNESCO Soil Classification System [14, 15] . Literally, Tanzania has different types of soils such as clay, loam and sand as identified by the normal farmers. These soil types have different potentials in terms of fertility and moisture conservation for crop production.
Ecologically, the Rufiji, Ruvu, Wami, Ruaha, Kilombero, Malagarasi and Pangani basins form numerous hydro-ecological zones in Tanzania that provide fruitful potentials for crop production. Similarly, the existence of diverse agro-ecological zones in the country has significant potentials to sustainable crop production. These biophysical potentials including the 44 million hectares of arable land are convenient for the progression of agricultural industry in the country [3] .
Data collection and analyses
This study was designed to typically entail the long-term crop data from authentic sources. The yield data for major food crops were collected from March to December 2016 at the Ministry of Agriculture, Livestock and Fishery (MALF), and at regional and district levels. The data were particularly gathered from documentaries (statistic unit) of the ministry. Interviews with some agriculture officials at the ministry were employed to collect qualitative data and cross-check some quantitative data.
In some instances, it happened that some years had no data. Other data were collected from ten (10) regions earmarking the regions which are best and least producers of food crops. Among these regions are Iringa, Mbeya, Kigoma, Tabora, Kilimanjaro, Kagera, Lindi, Ruvuma, Singida and Dodoma. Then, the data from these areas were cross-checked with those documented at MALF. Then, the mean was calculated to harmonize some raised discrepancies and missing data.
To correct this, we searched the missing data at regional and district level to obtain the same. Where necessary, we estimated the data below 5% to avoid erroneous. National Agricultural Policy of 2013 and its allied programs from the Ministry were equally consulted during data collection. Since most of data were quantitative in nature, we employed the Mann-Kendall Test and Microsoft Excel to plot the yield trends. Qualitative data especially those from interviews were analyzed through content method, and the results were inserted in the main text during discussion.
Results
Trends of crop production
This empirical study has succeeded to perform the temporal analyses for yields of the major crops. The results show that the yields have had high inconsistence throughout the time frame . This is evident in Figs. 1a, b, 2a-c, 3a-c and 4a-c where the yields of maize, paddy, millet, sorghum, cassava, banana, potatoes and wheat have been plotted against time and thus far, have shown unreliability. This plotting entailed two major dimensions that would determine the quantity of yields. Firstly, it involved the total yields in tons and secondly was about the yields per hectare in tons. On the basis of total yields, the production trend for maize, banana, beans and sorghum exhibited a positive slope (significant growth at R 2 = 0.8), as well, that of paddy, cassava, millet, wheat and potatoes showed a positive slope (between R 2 = 0.4 and 0.7), as seen in Fig. 1a , b. Besides, the yields per hectare in tons exhibited a negative slope (between R 2 = 0.02 and 0.3) as seen in Figs. 2a-c, 3a-c and 4a-c. These results depict the widest context of crop yields at national level.
Further, the present study has revealed that there has been a temporal expansion of crop land as presented in Table 1 . Explicitly, this has been a major cause for the total yield to boom. For example, within a period of two decades the crop land under maize increased for about three times, while that of sorghum, millet and cassava have more than doubled. While the land under crop production has experienced significant increase from 1996 to 2015, the population has almost doubled within such a time frame and thus, increasing more food demand.
Implications to food security
The results from analyses have a message to convey to agricultural and social livelihood analysts. This is about the implications of what has been gotten from farms (yields) and the particular food requirements at household and national level. According to FAO, food security encompasses three major aspects, namely availability, accessibility and use. In the Tanzanian context, all the three aspects are dominant. Along these aspects, poverty (entitlement failure) has also exacerbated the magnitude of food insecurity. Since more than 90% of the food requirement is produced in the country; thus, whatsoever come from the farm determines the food security status. Overall, the production turbulence as seen in Figs. 1, 2, 3 and 4 indicates the unsustainability of food security in the country.
There has been a correlation between the amount of obtained yields and the level of food security; as regions with low self-sufficient ratio have been experiencing intensive food shortage. For example, most regions found in arid and semiarid zones have been suffering from all three aspects of food security. The food produced has always been outsmarted by the requirements; thus, food availability is not ensured. On the other hand, people (i.e., especially the destitute) have weak purchasing capacity to access food in market and ultimately, bringing about food shortage and insecurity. These results are in agreement with the government report as recently in 2013/2014, there was a food deficit of 43,452 tons [11] . That deficit happened because the total food requirement was 7,656,673 tons, but the production was placed at 7,613,221 tons.
Hindrances for crop production
There have been numerous challenges contributing to agricultural unsustainability in the country. These challenges range from natural to human-induced problems. Reports from IPCC, FAO and other international organizations have revealed that climate change has posed severe impacts to agricultural sector in most developing countries [6, 12, 13] . In this era of global climate change, the poor nations like Tanzania are most vulnerable and are weak to cope or recover from such dreadful condition. Besides, the study by URT (United Republic of Tanzania) [2, 3, 10] , Kangalawe [16] , Rowhani et al. [17] , Neufeldt et al. [18] and Paavola [19] further asserted that climate change has already affected and will continue affecting poor households in most developing countries and thus, increasing the vulnerability of the dependable livelihoods.
In some ways, the government has contributed to such unsustainability due to low investment in the sector. It is understandable that for the sector to progress, at least 10% of the developmental budget should be placed in it.
However, good step has left unimplemented despite establishing some initiatives to overcome the crisis. At farmer's level, Tanzanian agriculture is predominated by small-scale holders for over 70%. This dominance is even higher in rural areas where it exceeds 80%. Unfortunately, this farming scale is meant for subsistence and not for commercial purpose. However, despite targeting for subsistence, these farmers have in most cases failed to meet their minimum requirement due to meager yields obtained from their farms. Correspondingly, it is this vulnerability that has contributed to decline in yields per hectare in tons as seen in Figs. 2a-c, 3a-c and 4a-c). Besides, the market constraints and increased poverty among the rural households are some of the salient factors for agricultural dwindling [3] . Overall, the human-induced factors have been increasing over time because the rate of solving them is surpassed by that of its creation. 1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  2015 Tons ( is an initiative to improve food security in most African countries in which Tanzania is inclusive. Altogether, these programs and initiatives meant to raise agricultural produce, especially for rural households in order to optimize crop production. However, despite these programs and initiatives, little has been achieved. 
Discussion
The results of this empirical study can be among the best platforms to discuss where and why we do not do much better as a nation. This is because for the past three decades (study time coverage), lots have been reported as food shortage. More unfortunately, this crisis has been almost randomly scattered throughout the country although the semiarid areas have been more susceptible. As confirmed in Figs. 1a, b, 2a-c, 3a-c and 4a-c, and Table 1 , Tanzanian agriculture is inconsistent, and thus, as a nation, has still a long way heading to productive and sustainable industry. While the production trend of total yields for maize, sorghum, banana and beans had a positive slope (at R 2 = 0.8), the remaining crop yields had a positive slope (between R 2 = 0.4 and 0.7) as seen in Fig. 1a, b .
However, this growth was highly influenced by expansion of crop land (Table 1) . For example, the areas under maize, sorghum, paddy, millet and cassava cultivation have increased from 1,343,300, 566,700, 434,500, 243,200 and 265,500 in 1996 to 3,854,600, 1,389,600, 1,364,300, 467,900 and 1,254,300 in 2015, respectively (Table 1) . Despite this, the country has not yet fully harnessed the potential arable land as less than 24% of the 44 million hectares of parable land has been under effective utilization 3. This, therefore, indicates that we have still lots to do if need to attain sustainable crop yields and food security at both local and national level. In due fact, this farm expansion has on one side been accrued by population increase. In other words, there has been insignificant increase in the yields even in regions called the food-producing zones or food basket regions [2, 3] . Frankly speaking, different regions have been experiencing different crop yields. This spatial differentiation is mainly influenced by diverse biophysical characteristics of the locality, i.e., climate, soil and agro-ecological zones just to mention a few. However, the gotten yields (i.e., increased) have not curbed the food demand, especially at national level [20] , and more particularly on the food availability and accessibility. For that case, the food demands have continued to widen over time. Thus, in most cases the growth of the total yields has not necessarily implied agricultural development. This is because there are other aspects that determine such development apart from the total yields. The exploration of crop yields per hectare in tons is far most the best way of determining the actual agricultural development. The analyses in this aspect had a real basis of determining agricultural progress. This is because it can supply more food to sustain the rapidly growing population. However, the results from analyses of yields per hectare in tons indicate that almost each crop experienced negative growth as seen in Figs. 2a-c, 3a-c and 4a-c. From 1980 to 2015, the yields for these crops declined between R 2 = 0.02 to 0.3 (Figs. 2a-c, 3a -c and 4a-c). This means, the production trend per hectare has been deteriorating over time due to multiple reasons such as soil degradation, increased droughts, poor farming methods, eruption of diseases and less investment in agricultural sector, especially research. Apparently, the increased incidences of climate change impacts have contributed to worsen the situation [13, 17] .
Apart from establishing the correlation between the components under study, the present study elicits or/and annotates specific aspects that categorizes the country as food insecure [21] [22] [23] . The production systems seem to be less monitored as anyone can join or quit agricultural production. This reminds us that there is a possibility of the majority abandoning the sector or opting transformative adaptation due to climate change. Thus, all the suddenly, the situation can be at its worst and little can be done by the government and/or donors to rescue the victims in such massive mess.
In addition to that, despite employing over 80% of the labor forces, especially in rural areas, the sector has failed to attract more young generation because it is perceived as the least paying. This has been evidenced in various occasions where the farmer has remained with very little control on marketing his/her yields. For example, the government may come abruptly to solve immediate problem at the expenses of the farmer who had anticipated to sell their yields in the market of their favor.
For example, exporting maize or selling in its raw form to get more income. The discussion with undisclosed agricultural officers had some blames being directed to some politicians who always don't adhere to the technical aspects. Most of this people from political cadre do this reckless tendency deliberately to win political credit.
Given the production turbulent which the country experiences, it is evident that the efforts that have been placed in the sector have not born enough fruits. The episode of making agriculture as a backbone of the national economy that started (back in 1970s) over four decades ago using different approaches has never been fruitful. For example, in 1980s the government involved directly in agriculture by making herself a funder, facilitator and supplier of agricultural inputs that would boost its development; however, this approach was fruitless. One of the major reasons for this failure was weak supervision of the government firms, infrastructures and assets. Ultimately, government companies and factories ran into bankrupt and the approach ended unsuccessfully.
Recently (2000s), numerous participatory approaches have been adopted in the planning and implementation of various agricultural practices as a substitute of the previous approach. The PADEP, ASPS, ASDP and Kilimo Kwanza are among these programs and initiatives that were geared to boost agriculture industry in the country 11, 29. The NAP 2013 serves to give guidance on how agriculture sector should go about. Mainly it implies to optimize yields from agriculture for the betterment of people's social welfare. Originally, this policy was enacted in 1997, whereas amendment and new draft was in 2013. However, despite giving explicit concept on the available resources for sustainable agricultural development, there are some agricultural aspects that are not well addressed. Most of these are the new challenges that emanates/ comes as response from human-induced factors.
As a response to agricultural uncertainty, the NAP 2013 [3] has been emphasizing on the adaptation measures to climate change impacts, intensification of agriculture and the use of improved crop seeds among the farmers. However, despite those responses the state of food security has not been stabilized as in the series of years from 2000 to 2014; there have been frequent food shortages in various area of the country (either due to food unavailability or inaccessibility the latter being caused by financial shenanigans). Thus, there is a need to adopt sustainable and exhaustive approaches that could adequately serve on diverse agro-ecological zones of the country.
On the other hand, there are numerous factors that impede agricultural sector in the country. Adjustment to climate change impacts has been a major challenge among the smallholder farmers 10. This is because they have weak adaptive capacity either to cope or recover from such a dreadful condition. Since more than 70% of the agricultural industry is dominated by the smallholder farmers, it is evident that the impact of climate change to them is worst compared to medium and large scale. This has ultimately elevated poverty levels in rural areas [2, 11] . This observation is in agreement with the reports by UNDP [24, 25] which informs that most developing countries have elevated poverty levels mainly due to poor yields.
Market constraint is another challenge that has been affecting agriculture. This refers to uncontrolled market systems that involve goods and inputs related to agriculture. In terms of inputs, the flow of fertilizers and seeds to farmers has been inconvenient [26] . In most cases, these inputs have been reaching people out of their farming calendars. In so doing, the provided inputs become useless/fruitless. In this aspect of marketing, the distribution of food within the country has been less convenient. Among the causes for this inconvenience is poor infrastructure such as roads and storage facilities.
For example, in 2014 there were optimal yields gotten in the main producing regions (Iringa, Mbeya, Morogoro, Rukwa and Kigoma); however, shortage of storage facilities was the main cause for yield destruction. While the yields were destroyed in those regions, other parts of the country had food shortage.
As a survival strategy, some farmers intended to sell their produce to other countries, but were forbidden by the government as it could arise food shortage within the country. Ultimately, this situation brought about enormous loss to some farmers, who some of them decided not to further engage in agriculture in the next season. Thus, there is a need to streamline all market components so that it benefits the farmers and related stakeholders.
Inadequate technology is among the major obstacle for agricultural development in the country as it limits agricultural intensification. This encompasses low use of improved inputs such as seed, fertilizers and other farm implements. Harnessing irrigation potentials is significantly impacted by poor technology [2, 27, 29] . It is only less than 4% of the potential irrigable land that has been harnessed. This exploitation is quite different from that in the developed countries where over 50% of such potential is exploited. Sufficient budget could be of help in exploiting the irrigation potentials, especially by hiring innovative machines and considerable technology. Sparingly, the government through TAFSIP aimed to comprehensively transform the sector to achieve food and nutrition security, and reduce poverty by allocating 10% of its budget in agriculture sector [28, 29] . However, this financial allocation has not been made. It is this financial discrepancy that impedes the implementations of various agricultural programs and projects. If this budget were allocated, among other things it could facilitate the provision of agricultural subsidies to farmers. So, as long as the allocation was not made, the farmers have continued to be economically powerless due to such insignificant services.
The solicitation of agricultural loans among the farmers has also been a challenge. The easiest way of acquiring such a loan is through banks. However, most of the farmers have no entitlement to loans access due to lack of relevant collaterals required by most financial institutions. Even for those who access, they are not sure if they could manage to pay back given the market constraints of their prospective yields.
Agricultural turbulence has also affected the national GDP throughout the time frame. For example, from the year 2000 to 2009, the agricultural contribution to GDP fell from 29 to 25%, respectively. While that happened, the nutrition level fell from 25 to 23.5% within the same time frame. Specifically, the malnutrition is more pronounced to children under 5 years [30] [31] [32] [33] .
To reverse this trend, there is a need to employ the newest techniques in agricultural industry that can transform agriculture from subsistence to commercial [30] [31] [32] [33] . This is because numerous programs, initiatives and project have been established and implemented; however, increased incidences of food shortage and poverty have been reported. Since 1980 to date, a series of initiatives have been in place with either less fruits or shortterms impacts.
In this aspect, the over dependency on foreign support appeared to increase the unsustainability of the sector. In most cases, when the project phases out, the operation of all agricultural activities which were formerly done by the project is suspended. The surest solution to curb this uncertainty is to increase the generation of national income and allocate more funds in agricultural sector.
Alternatively, the government through the Ministry of Agriculture should adhere to the demands of authentic and potential challenges through appropriate review of its policy to make it more vigorous and friendly to small holder farmers. As usual, flawless consideration of different agro-ecological zones in the reviews should be adhered. This will have long-term significant contributions to socioeconomic development of the people. Likewise, the provision of raw materials to domestic industries will be ensured from the local production.
Conclusions
This study has laid down some empirical conclusions that when adopted can be a good basis for agricultural intensification in the country. Among others, it revealed that despite the temporal increase in the total yields of the major food crops, the food demand has been widening due to sudden population increase and other allied factors. The observed increase in total yields has happened due to expansion of crop land. Besides, the study noticed that the yields per hectare in tons have been fluctuating at the decreasing trend. The enormous and ever-expanding food demand has necessitated usual policy responses to overcome the associated challenges. This has involved the implementation of various programs and projects that could upsurge crop yields. On the same basis, the NAP 2013 has been identifying some arising issues that impede agricultural production. Among others, the impacts of climate change and soil degradations have been adequately identified.
Given to this vulnerability, the impetus, tireless and improved instruments (including more robust policies) should be employed in agriculture sectors. Determination should be well set to overcome the huddles. To curb these challenges, this study proposes the adoption of drought-resistant crops and increased fertilizations have been proposed. However, the technology and knowledge of curbing the same have not well tricked down at local scale. The assessment on the utilization of various research findings can be the further research priorities.
